Here, we report the pattern of expression of the tetraspanin mTspan-5 at various developmental stages. Expression was ®rst seen at E10 and remained until adulthood, with increased levels between P0 and P5. mTspan-5 showed high expression in the cortical areas and Purkinje cells throughout development. Moreover, transcripts were also detected in the developing heart, forelimbs, and hindlimbs. q
The tetraspanin superfamily is formed by integral membrane glycoproteins, with four transmembrane domains and two extracellular domains. These proteins have been conserved during evolution and are expressed in a wide variety of eukaryotic species (Wright and Tomlinson, 1994; Maecker et al., 1997; Todd et al., 1998; Perron and Bixby, 1999; Serru et al., 2000) . They are expressed at the cell surface, in association with each other and with other molecules (Rubinstein et al., 1996; Stipp and Hemler, 2000) . Tetraspanins are involved in a number of basic phenomena including proliferation, migration, and cell adhesion. Some tetraspanins have been shown to be acting in the nervous system during development (Kopczynski et al., 1996) and in the adult (Zemni et al., 2000) . Furthermore, tetraspanins serve as a link between the integrin subunits and various intracellular signaling molecules, such as protein kinase C (PKC) (Berditchevski et al., 1997; Desai et al., 1997; Georges-Labouesse et al., 1998; Hemler, 1998; Yauch et al., 1998 Yauch et al., , 2000 Berditchevski and Odintsova, 1999; De Arcangelis et al., 1999; Dulabon et al., 2000) . Moreover, certain tetraspanins are constituents of myelin (Bronstein, 2000) . Here, we have analyzed the developmental pattern of expression of mTspan-5, a previously cloned member of the tetraspanin superfamily, highly expressed in the adult forebrain (Garcõ Âa-Frigola et al., 2000) .
Results and discussion
mTspan-5 mRNA was detected as early as E10. The mRNAs showed a restricted pattern of expression throughout development (Table 1) with preferential expression in the forebrain (Fig. 1A ,B) and cerebellum (Fig. 2A±C ). In the telencephalon, signals were detected in the olfactory bulb, the neocortex, the hippocampus, septum, and the amygdala. mTspan-5 appeared as early as E16 in the olfactory bulb, where it was detected in the granular and mitral cell layers. By P0, expression was also seen in the glomerular cells (Fig.  1C,F) . Hybridization signal was present in the neocortex and in the piriform and entorhinal cortices. mTspan-5 at E14 was present in the cortical plate, containing post-mitotic neurons. At E14±E18, high expression was detected in the cortical plate (Fig. 1E ) and in the subplate (Fig. 1H) . From P0 onward, signals were observed in all layers in the neocortex. Signals in the subventricular zone, labeling the rostral migratory stream, were detected at post-natal stages (Fig. 1K) .
mTspan-5 messenger was expressed in the medial septum and Broca's diagonal band at all ages (Fig. 1J) . Low expression was seen in the lateral septum during development. In the hippocampus, mTspan-5 was expressed in the primordial hippocampus, and in the granular cell precursors, as early as E14. At later stages, mTspan-5 mRNA was observed in the pyramidal layer, the granular layer in the dentate gyrus, and in the hilus (Fig. 1D,G) . a Very low (1/2), low (1), moderate (11), high (111), and very high (1111) levels of mTspan-5 mRNA expression are shown. No detectable expression was also indicated (2). An empty cell means that the indicated areas were not de®ned at that developmental point. The basal ganglia showed low mTspan-5 expression at E14±E16 in the ganglionic eminence. At later stages, labeling was detected in the pallidum and in the striatum (Table  1) . mTspan-5 was also expressed in the amygdala and the nucleus of the olfactory tract (Fig. 1I) .
The diencephalon showed low levels of expression in the epithalamic regions at E14±E16, which disappeared at postnatal stages (Fig. 2J) . At E14, the signal in the thalamus was located in the prospective ventral thalamus surrounding the third ventricle (Fig. 2J) . At E16, the dorsal thalamus showed no signal and some areas of the ventral thalamus were labeled (Fig. 1A) . At P0±P10 the lateral geniculate nucleus, the thalamic reticular nuclei, and some nuclei in the dorsal thalamus (the anterior ventral and the ventral posterior nuclei) were labeled. In the ventral thalamus, mTspan-5 was present in the subthalamic nucleus. In the hypothala-mus, mTspan-5 was present in the stria terminalis and the ventro-medial and dorso-medial hypothalamic nuclei (Table  1) .
In the mesencephalon, the superior colliculus showed preferential expression at all developmental stages (Fig.  2D±F ). In the inferior colliculus, a decreasing labeling from E16 to early post-natal stages (P5) was detected. At E14±P0 stages, mTspan-5 was also seen in the tegmentum and periaqueductal ventricular zone, disappearing thereafter (Fig. 2D) . In the hindbrain, the signal was detected preferentially in the cerebellum. At E14±P0, the mRNA was observed in the rhombic lip, in migrating external granular cells, in the deep cerebellar nuclei, and in migrating Purkinje cells (Fig. 2A,B,G) . At P5±P10, mTspan-5 was seen in the external granular cell layer (EGL) and internal granular cell layer (IGL) and in the Purkinje cells (Fig. 2H) . At later stages, strong signals were found in the Purkinje cells (Fig. 2C,I ). The pontine migratory stream was labeled at embryonic stages (E14±E16). Later in development, a strong signal was observed in the pontine nuclei (Fig.  2K) , the pontine reticular formation, the inferior olive, and the vestibular, cochlear, and spinal trigeminal nuclei.
E10 and E13 mouse embryos were processed for in toto in situ hybridization (ISH). In addition to the CNS, expression was prominent at both ages in the heart (Fig. 3) , otic vesicle, and in the skin and mesenchyma of both forelimbs and hindlimbs (not shown), and in the wall of the umbilical hernia.
The pattern of expression of mTspan-5 suggests that this protein is involved in both the developmental and the functional maturation of the brain. In addition, mTspan-5 may contribute to the migratory processes as suggested by the labeling of migratory routes. Furthermore, the expression studies suggest that mTspan-5 in brain is exclusively expressed by neuronal cells.
Experimental procedures
Embryos and post-natal mice (OF1 strain; E10±adult; Iffa Credo, Lyon, France) were ®xed with 4% paraformaldehyde. Brains were cryoprotected, frozen, and cut in 25± 50 mm-thick coronal sections. In situ hybridization was performed on free-¯oating sections as described (Alca Ântara et al., 1998 ) with a digoxigenin-uridine triphosphate-labeled riboprobe. E10 and E13 embryos were ®xed, dehydrated, and rehydrated in a series of methanol (25±50±75±100%) in 0.1% Tween 20-phosphate buffer saline (PBT), and permeabilized with 10 mg/ml proteinase K. Hybridization and subsequent washes and digoxigenin immunodetection were performed as above. In toto processed embryos were cryoprotected and cut at 40 mm in a cryostat. Fig. 3 . Expression of mTspan-5 mRNA in in toto E10 embryos (A, B) and cryostat sections obtained from these ISH (C). Whole mount view of an E10 embryo showing strong hybridization in the forebrain and in the heart (arrowhead) (A). Detailed view of the E10 heart in toto (B). Cryostat section showing expression in both the atrial and the trabeculated ventricular chambers of the heart (asterisk, atrial chamber; arrowhead, ventricular chamber) (C). Scale bars: 300 (A) and 100 mm (B,C).
